ABSTRACT
Introduction
The link between university research and economic growth has been identified as a key driver of regional economies (Saxenian 1996; Nelson 2005; Zucker & Darby 1996) . The geography innovation literature has identified important possible reasons for the link-the role of geographical closeness in the transmission of tacit knowledge (Gertler 2003) and the important of spatial proximity in regional knowledge production functions (Charlot et al. 2015; Caragliu & Nijkamp 2016) . Concomitantly Owen Smith and Powell describe the importance of geographic location and network connections and the strategic benefits of location in dense alliance networks (Owen-Smith & Powell 2004) .
However, much of the literature has been based on aggregate data with links inferred rather than directly measured (Hausman 2012; Kantor & Whalley 2014; Saha et al. 2015) . This paper uses extremely granular data about purchases made in the process of conducting research to directly examine the links between universities and businesses in three countries (France, Spain and the United States). A particular strength of the data is that, in the US case, we can compare the characteristics of vendor firms and establishments with the characteristics of all U.S. firms and establishments. We are able, as a result and for the first time, to examine the persistence of project specific purchases from individual vendors as well as the behavior of firms which sell to research projects; both sets of analyses lend support to the notion that network connections are a source of regional economic impact.
There is strong evidence of regional vendor effects in all three countries. In the United States, an establishment within a university's state is 11 times more likely to be a vendor than an establishment outside its state. We also find vendors have characteristics associated with higher productivity (Syverson 2011) : in the United States, establishments supplying publicly funded research tend to be older, larger, pay higher wages, and much more likely to be operated by an R&D performing firm than are non-vendor establishments.
We find support for the notion that tacit knowledge plays a role in determining research purchases -because we have data on all transactions and all individuals on all grants, we are able to determine that there is substantial persistence in purchases from a given vendor. In the United States data, if researchers on a grant purchase from a given vendor, they are 35-42% more likely to purchase from that same vendor in the following year. In the French data, although only 8% of vendors frequently (more than 20 times a year) do business with the research projects at the University of Strasbourg, they account for more than 50% of the value of research expenditures. In the Spanish data, the proportion of frequent vendors is the same -8% -but they account for more than 70% of the value of the research expenditures.
We are also able to find support for the importance of propinquity by observing firm behavior by investigating where vendors to university research open new establishments. Strikingly, we show that firms that are vendors to universities are more likely to locate new establishments near the universities with which they do business and that the strength of the relationship increases the 4 larger the value of the transaction. Similar results hold among the subset of firms that open new establishments in a given year -those new establishments are more likely to be near the universities with which they do business, especially if the transactions are large.
Background
There is qualitative evidence that universities are engines of regional economic developmentthe existence of Silicon Valley has been traced to its propinquity to Stanford, Boston's growth has been attributed to its great research universities, and the Research Triangle to the research performed at Duke, University of North Carolina and North Carolina State University (Liu 2015) . Part of the effect could be due to the effects of educational investments. Although it has been difficult to identify these relationships, work in Sweden has shown that universities have important effects on the productivity of workers (Andersson et al. 2004 ) and work in the United States suggests that a 10% increase in higher education spending increases local non-education sector labor income by about 0.5% (Kantor & Whalley 2014) .
One mechanism by which this is thought to occur is through human contact: when people are physically close to each other, skills are easier to acquire and knowledge is easier to exchange (Duranton & Puga 2004; Gertler 2003) . Another possibility is that the flows of students to jobs in regional businesses directly increase the human capital in the workforce, and result in more productive businesses (Stephan 2007; . As Hausman points out, many of the mechanisms, particularly hiring, patenting and spinoffs, have a local bias (Hausman 2012) .
We provide detailed micro-evidence on one link which has not been fully examined -the role of universities in driving innovation through the purchase of scientific equipment. Such a link is plausible -customers and consumers are key drivers to firm innovation in other sectors (Von Hippel 2005; Freeman et al. 1968) . And university researchers are important customers of R&D performing firms; in life sciences, for example, about 8% of R&D funds are directly spent on equipment while core research expenditures are likely to be much more (Stephan 2014) . Certainly, universities are more likely to buy than to make their inputs (Cassiman & Veugelers 2006) . We also know that innovation depends not just on technical knowledge, but also on the knowledge of customers, market segments and potential applications (Simard & West 2006) . The literature suggests that physical closeness is an important source of this knowledge (Whittington et al. 2009 ), particularly for small and young firms which are beginning to establish customer ties.
Data
The source of US data is the enhanced STAR METRICS data, or UMETRICS data (Lane et al. 2015; Zolas, Goldschlag, R. S. Jarmin, et al. 2015) . We use UMETRICS data from 8 major public research universities located across the Midwest (Ohio State University, Pennsylvania State University, Purdue University, and the Universities of Indiana, Iowa, Michigan, Minnesota and Wisconsin), provided as a result of a collaboration with the Big Ten Academic Alliance; our sample universities are large research intensive public institutions in the MidWest and as such are not representative of the universe of all research universities although they do account for more than 10% of federal academic R&D expenditures.
The vendor data are unusually rich. For every purchase on every grant, the data give the date of each transaction, the amount and identifying information on the vendor (a unique vendor ID, the name, address and, when available, the DUNS Number). Taken as a whole our data cover over 749,000 transactions totaling over $1 billion on 15,923 grants from over 60,000 vendor establishments (an establishment is the physical place where business is conducted, and the unit of observation at which industry and geographic location are defined; firms can own one or more establishments). For cross country consistency, we use data from 2010 -2012, although the results are consistent in previous years.
The transaction level data are extremely granular: every purchase made on every grant is included in the data, including very small transactions of just a few dollars. Most transactions are quite small, and reflect small scale purchases such as office supplies or trips of short duration. There are also a number of very large transactions that are from important scientific vendors. Some vendors are responsible for tens of thousands of transactions, but the simple mean of transactions per vendor is 9. Thus the distribution of the number of transactions and of transactions by value is right skewed.
The US data can be used for even more granular analysis because they provide information about each purchase from each grant at each of the universities in the sample. Those purchases can then be matched to data on all US non-agricultural employer establishments with their geographic location (longitude and latitude) from the US Census Bureau's Longitudinal Business Database (LBD) (Jarmin & Miranda 2002) . This permits us to construct comparison groups of businesses and also directly estimate the likelihood that a given establishment is selected to be a vendor as a function of distance. It is worth noting that distance effects are likely to be nonlinear for two reasons. First, the universities are in the MidWest, so a natural boundary is the two coasts. Second, California, a particularly R&D intensive state, is between 1,500 and 2,000 miles away from the sample universities.
In order to construct the US comparison groups, we use a subsample of the LBD that includes all establishments associated with R&D performing firms. Census Bureau and the National Science Foundation and represent a national sample of firms beginning in 1992. All firms that report conducting R&D in one year are retained to the next year, with additional firms sampled (based on survey weights). R&D performing firms make up a small share of all firms in the United States. Of the 5M+ firms in existence in the United States in 2012, fewer than 12,500 report conducting R&D. These firms are also known to significantly differ from the typical U.S. firms on a number of dimensions including being much larger and much more likely to engage in international trade and multinational activity (Davis et al. 2007 ).
The French data are derived from an analysis of the financial records data from 2011-2014 from the University of Strasbourg which is a major research university located in the Bas Rhein region about 300 miles from Paris. We examine data from about 500 grants, expending almost 15 million euros on over 19,000 transactions from 1291 vendors. An advantage of the French data is that each transaction is classified into one of 58 object codes (a rubrique) that reflect the nature of the purchase, and which we aggregate into 4 broad categories -research materials, meetings, operating costs and other expenses.
The Spanish data are derived from the same source: human resource and financial records in 2012 from the Complutense University of Madrid, the Instituto de Ciencias Matemáticas in Madrid and the Centre for Genomic Regulation in Barcelona. Data are available for 292 grants, expending almost 8 million euros on almost 11,000 transactions from 1,006 vendors. The Spanish data can be matched to industry information and compared to US data.
Basic Facts
Our analysis of the data generates two stylized facts: (i) university vendors have characteristics that are associated with higher levels of productivity than do non-vendors and (ii) vendors are more likely to be geographically closer to the university than non-vendors. Interestingly, the vendors also have characteristics that are associated with greater firm level productivity: the establishments are larger (39 times larger) than the typical U.S. establishment, higher wage, older, much more likely to be owned by an R&D performing firm and much more likely to be owned by a firm that patents. They also have substantially higher employment growth rates (9.3% versus 6.5%). It was not possible to construct industry linkages for France, but in Spain, the pattern is similar. About one third of the domestic vendors are in high technology: more than 12% of the firms belong to sectors classified as medium or medium-high tech by the Eurostat taxonomy, and they account for about one third of the total amount purchased. There is detailed information on the nature of research purchases from French data: two thirds of the research purchases, both by value and volume were for scientific materials.
There is some initial evidence of the regional clustering of purchases. Figure 1 illustrates the link between the universities in the U.S. sample (primarily Mid-Western universities) and vendor purchases; purchases appear clustered in the Midwest and on the East and West coast. The same pattern of clustering purchases near the university is observable in both France and Spain. 
The link between research expenditures and regional activity
The clustering of research expenditures near research organizations evidenced in Figure 1 is not sufficient to conclude that there are disproportionate links; some of the universities are located in dense urban areas where there is a great deal of economic activity. Fortunately, the United States data enables a much deeper level of analysis, since it is possible to match data on research vendors to the register of all non-agricultural employer firms and associated establishments in the US.
An analysis of that match makes it clear that establishments physically closer to each university are disproportionately more likely to be vendors to the university's researchers than are other US establishments. Establishments within 50 miles of the university, as shown in Table 2 , are more than 7 times likely to be research suppliers than establishments in the US as a whole; establishments 50-100 miles away are 4 times more likely, and 100-250 miles away are considerably less likely. Put another way, Figure 2 shows results from a simple regression of the probability a given US establishment being a vendor to a given university as a function of distance suggests that an establishment within 25 miles of each university has about a .20% chance of being a vendor; that drops to about .10% if the establishment is between 25 and 100 miles away. The probabilities are much higher for establishments associated with R&D performing firms -those that are closest have a .35% chance of doing business with the university, and the probabilities, while remaining higher than for all establishments, still decline with distance. However, in all cases there is an uptick in probability for vendors 1000-2500 miles away, which is consistent with the distance from our MidWestern universities and the East and West Coasts. Source: UMETRICS and LBD, author's calculations. Note: Mean predicted probability calculated as the estimated probability from a regression of whether an establishment is a vendor in for a given university as a function of distance, distance to the 2 nd , 3 rd , 4 th , 5 th , and 6 th power, 2010 population within the establishment's zip code and population squared, year, and university fixed effects with robust standard errors.
The data are so rich that it is possible to control for multiple confounding factors -and the results continue to be robust. In particular, since universities often have restrictive purchasing agreements, we control for university specific purchases to particular vendors across universities by including university fixed effects and we also use year fixed effects to control for year specific changes in purchasing agreements. We also control for density of people per zip code, to capture city agglomeration effects (Chatterji et al. 2013 ). In addition, since the data are transaction level data, there were many very small purchases and one-time vendors; we can transcend the micro-level activity to only examine larger scale transactions, such as those exceeding $5,000 in a year. Table 3 reports the results of a sixth-order polynomial regression examining the effects of distance including all controls and with three different outcome measures. The first has a binary dependent variable: whether or not any purchase was made from a vendor. The second is also binary: whether the expenditures exceeded $5,000. Finally, since much of the policy interest is in the effect of research funding on R&D intensive firms, the third uses the binary outcome measure for the subset of R&D intensive firms.
The estimated effects of distance are strongly statistically significant and imply that the probability of a transaction is minimized at a substantial distance from the university, ranging from 763 miles (for establishments owned by R&D performing firms) to 2,003 miles (for annual transactions exceeding $5000). (The model for all transactions also has a local minimum at 558 miles while that for transactions exceeding $5000 has a local minimum at 563 miles). The results are robust to the choice of polynomial. 
The source of regional ties
The literature has hypothesized that network connections are an important source of regional ties. The data make it possible to examine that possibility, because we have detailed information on all grants and all people working on all grants. As such, it is possible to go beyond a simple binary analysis of whether a business is a vendor to a research project, and examine the nature of the relationship. We examine both: whether the vendor does repeat business with senior personnel on a given grant (persistence) and the role of physical propinquity.
Constructing network measures
The construction of the analysis draws on the fact that the data consist of each purchase from each vendor for each grant for each year, so it is possible to track persistence in purchases between vendors and grants. In addition, because the data include information on all individuals supported on each grant for each transaction period (typically monthly), it is possible to link faculty connections across grants. Measuring these connections requires constructing network units of observation based on grant-vendor relationships. The reason for this is that it is possible to determine from the data that a purchase from a vendor was made by a grant, but, since there can be several faculty on a grant, it is not clear which of the faculty members on the grant made the purchase decision. We thus construct network measures where the nodes are grants, and the edges are defined where the grants share ANY faculty in common.
Formally, we define an annual grant-to-grant network, illustrated in Figure 3 as follows. Each node in the network represents a grant in a given year. Edges are drawn between two nodes if at least one faculty member is paid on both grants in a given year. From this grant-to-grant network we can then calculate the shortest path length between each pair of grants. This measure represents a measure of how distant those grants are with the social dimension of the payroll transaction data. We hypothesize that selling to a grant in one year increases the probability that a vendor sells to that grant in the next year. Figure 3 also illustrates this hypothesis about social distance, namely that V3 is more likely to sell to G2 in the next year than to G1 (because V3 is 1 step away from G2, via F2 but 2 steps away from G1). Additionally, V3 is more likely to sell to G2 in the next year than is V4 because V4 and G3 are not connected at all. Figure 3 provides a visual description of the relationships knowable from the purchase matches. In this example, it is clear that there has been a purchase from V2 using funds from G2 but it is not known whether the purchase decision was made by F2 or F1.
Figure 3: An illustrative mapping of faculty, grants and vendors
In particular, let , denote whether or not a purchase is made between grant i to vendor j at time t. Further, let , denote the shortest path length between grants i and k at time t. For example, in the figure above , , 1 and , 2. Let ; denote whether any grants distance d from grant i purchased from vendor j. In this case, ;
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In this formulation: denotes the effect of lagged activity between grant i and vendor j. denotes the effect of activity among grants that are distance 1 from grant i with vendor j last period.
Examining Persistence
In 2012 each of the 8 universities has, on average, about 1,200 grants and more than 6,500 vendors, which yields more than 76 million possible university-grant-vendor combinations. The chance that a given grant purchases from a particular vendor is slight: 0.14% in 2012. Yet, as is shown in Table 4 , there is substantial persistence in purchases. In particular, if funds from a given grant were used to make a purchase from a given vendor in 2011, the chance of a purchase being made from the same grant in 2012 is increased by approximately 40%; if in 2010 by approximately 15%. The social dimension created by the relationships between faculty and grants also impacts the probability of purchasing from a given vendor. If a purchase was made in 2011 the grant-vendor distance in 2011 is necessarily zero, otherwise the distance is positive and dependent on the network structure.
3 Given that there was no purchase in 2011, if the shortest network distance was 1 in 2011 then the probability of purchase in 2012 increases by 3.2%; if distance of 1 in 2010 approximately 1.2%.
The data permit an even deeper examination, since we can subset to only examine vendors associated with R&D performing firms. There are some 12 million possible university-grantvendor combinations for such vendors; the persistence in purchases is similar. Our analysis also suggests that the impact of the network dimension is slightly higher for the R&D sample, with a 4.2% increase in the probability of purchase for one-step-away vendors in 2011. Both the lagged relationship and overlap in teams are strong predictors when included together. In other words, persistence effect and shared faculty are important independent factors related to vendor purchases. 
The role of propinquity
If propinquity is indeed important to creating persistent business relationships, firms should be aware of it and should be more likely to locate near universities. The US data permits an examination of this possibility, because the LBD has data on all establishments owned by all firms in the United States. It is thus possible to examine the opening of all new establishments by all firms, including those which have business relationships with university.
An analysis of the 2012 LBD data supports the notion that firms pay attention to previous business relationships in making location decisions. Opening a new establishment within 50 miles of the 8 universities in the sample is a rare event -only 0.24% of all multi-unit firms in the US did so. However, 5.85% of firms who did business with one of the universities in 2011 opened an establishment within 50 miles of that university in 2012; 4.42% of R&D performing firms did so. Among the 860 R&D performing firms that did business with the 8 universities in 2011, 38 firms opened one or more establishments within 50 miles of the universities. Table 5 presents a regression analysis of the probability that a firm with multiple establishments in 2011 opens a new establishment within 50 miles of a university in 2012 based on whether the firm was a vendor in 2011 and the amount of the 2011 transaction. An analysis of the results presented in the first column suggests those that are vendors to a specific university are over 2% more likely to open an establishment near that university with the probability being 3.6% higher for each $1 million increase in the amount of 2011 transactions. The same analysis subset for R&D performing firms, suggests being a vendor in its own right is not important, but that the size of the relationship in dollar terms is (at 5.7% per $1M). This result is consistent with the notion that R&D performing firms are considerably larger than other firms, and often have more specialized business processes.
The results are even more compelling when, in columns 3 and 4, we subset the sample to consider only the firms that opened an establishment in 2012. Here we are interested in whether that new establishment is more likely to be near a university with which it is a vendor. Although the coefficients are not directly comparable to those in columns 1 and 2, the estimates in columns 3 and 4 show that the relationship between being a vendor and $1M in transactions are similar whereas for R&D performing firms, only transaction amounts are related to the probability of opening an establishment. These results suggest that firms that participate in university via the supply of the inputs to the research enterprise are more likely than other firms to collocate near the university, potentially strengthening the ties between university research and local economic activity.
Summary
Although all the results described here are descriptive rather than causal, they document striking facts that directly relate research purchases to regional economic activity at a detailed micro level. We show that grant funds are more likely to be expended at businesses physically closer to universities. In addition, if a vendor has been a supplier to a grant once, that vendor is subsequently more likely to be a vendor on the same or related grants. Firms behave in a way that is consistent with the notion that propinquity is good for business; if a firm supplies a research grant at a university in a given year it is more likely to open an establishment near that university in subsequent years than other firms. The results are consistent with the notion that research funding has a stimulative regional economic impact, particularly in the high tech and R&D performing sectors of the economy.
Of course, much more can be done. A key point for future research will be to examine the persistence in vendor faculty relationships over a faculty member's career rather than focusing on just individual grants. The results do not show causal effects, so it will be necessary to examine the impact of exogenous shocks, such as faculty moving from one university to another, new large scale grants to university based research centers, or changes in state economic development policies.
We hope this paper provides the stimulus for a new body of research on the economic and knowledge-transmission role of university research purchases, particularly since more universities are joining the UMETRICS program. These data will be made available for scholarly research purposes (at least for the U.S.) by the newly- 8 . Both surveys are jointly administered by the US Census Bureau and the National Science Foundation and represent a national sample of firms beginning in 1992. All firms that report conducting R&D in one year are retained to the next year, with additional firms sampled (based on survey weights). R&D performing firms make up a small share of all firms in the United States. Of the 5M+ firms in existence in the United States in 2012, fewer than 12,500 report conducting R&D. These firms are also known to significantly differ from the typical U.S. firms on a number of dimensions including being much larger and much more likely to engage in international trade and multinational activity (Davis et al. 2007 ).
To match the university vendor and the Business Register (BR) data, we use fuzzy name and location matching and rule based block matching techniques (Fellegi & Sunter 1969) . Once BR matches are identified, we create a longitudinal university-vendor-year panel using the LBD. The LBD embodies a number of cleaning algorithms, including the retiming of births and deaths around Economic Census years (Jarmin & Miranda 2002) .
The university vendor data is annualized by calculating the sum and the mean of the vendor payment amounts for each vendor for each transaction year and is then combined with the These data are merged with the LDB to add latitude and longitude fields for distance calculations between vendors and their associated universities. The LBD also provides firm age and cleaned versions of BR attributes 21
France
The French data are derived from an analysis of the human resource and financial records data from University of Strasbourg which is a major research university located in the Bas Rhein region about 300 miles from Paris.
The records contain information about non-permanent workforce and goods & services directly supported by expenditures associated with grants from publicly funded sources made to 65 laboratories and active during at least one year in the period 2011-2014. 9 Data are available from about 500 grants, expending almost 40 million euro on over 65,000 transactions. Most of those are salary and personnel payments; in this paper we focus on over 19,000 transactions that generated almost €15 million in purchases from a total of 1,291 vendors.
An advantage of the French data is that each transaction is classified with an object code (a rubrique) which can be aggregated into the nature of the expenditure -research materials, meetings, operating costs and other expenses. More than two thirds of total expenditures were spent for research material (e.g. scientific equipment), while about 10% is the average share for the other groups. It is worth noting that the share for research material is always at least half of the total amount, although there is disciplinary variation. Some applied research laboratories (e.g. genetic engineering) require very expensive equipment and, as a consequence, the share of research material on the total purchases can easily reach values above 90%; social sciences and humanities are much less. Domestic companies represent over 75% of the total population of vendors, and they account for about 90% of the total purchases, both by value and volume. A similar pattern holds if one looks inside the different types of the expenditure and regardless of the funding source. By way of example, about 70% of vendors of research material are located in France, and receive approximately 90% of the total purchases. As for the non-domestic suppliers, we conclude that only a negligible proportion is located outside the EU, and they account for a very small share of the amount expended.
Although most of the vendors are not recurrent (only about 8% has frequent interactions with the university labs, defined as more than 20 economic transactions during the full time considered) the recurrent vendors account for a high share of the total amount expended (more than 50%), while vendors who supply a single time account for a negligible proportion. The cumulative amount expended to each vendor is on average about 11,500€, but the distribution is highly skewed since the median value is 1,200€. The picture is also sensitive to the nature of the expenditure. For instance, vendors of scientific material shows an average cumulative amount of purchases of more than 16,500€, with median which exceeds the value of 2,000€. There are finally few "leading suppliers" with a cumulative amount of more than 500,000€.
The street address associated to each domestic vendor allowed us to add latitude and longitude fields for distance calculations between vendors and the associated university. 10 The geographic dimension of expenses shows that purchases appear primarily clustered in the Alsace region (where the University of Strasbourg is located) and in the area which surrounds Paris. To a lesser extent, it is possible to observe a third cluster in the southeast area around Lyon, although a more deep investigation reveals that only 5% of vendors are located in that zone.
The clustering of vendors is evident also according the different types of expenses. However, we observe some interesting discrepancies across categories. By way of example, about 55% of vendors of scientific material are located around Paris, whereas such percentage drops to about 20% for vendors in the category mobility & meeting. A possible interpretation is that the type of goods and services which are required to undertake specific research projects can force labs to sourcing where specialized vendors are located, and this can be particularly true for customized scientific equipment. Although vendors for research material are primarily clustered around Paris, we notice that the number of transactions to vendors of research material located near the university exceeds the one for vendors in the Paris cluster. And this is also the case for all the other categories but 'other costs'.
About two thirds of the research purchases, both by value and volume, were for scientific materials. About 30% of these were made within 50 miles of the University of Strasbourg, compared with about half of purchases for meetings and travel, and almost 90% of other services (which include construction) were within 50 miles.
Spain
The Spanish data are derived from the same source: financial records covering the year 2010 from the Complutense University of Madrid (UCM), and 2012 from the Instituto de Ciencias Matemáticas in Madrid (ICMAT) and the Centre for Genomic Regulation in Barcelona (CRG). Data are available for about 300 grants, expending almost 8 million euros on almost 11,000 transactions from 1,006 vendors (the unique number of vendors may be less, since the three universities may use the same vendor for some purchases).
The Spanish data can be matched to industry information and compared to US data. For example, more than 12% of the domestic firms belong to sectors classified as high or medium-high tech by the Eurostat taxonomy, and they account for about one third of the total amount purchased. Just over 3% of vendors are in Scientific Research and Development Services (2-digit NACE code 72), but these firms account for about 90% of the total amount purchased from high-tech companies and more than 25% of the total. Domestic companies represent over 50% of the total population of vendors, and they account for about 85% of the total purchases, both by value and volume.
11 A similar pattern holds if one disaggregates the data by research organization. In line with the conclusions we draw from the French scenario, we observe that only a negligible proportion of suppliers is located outside the EU, and they account for a very small share of the amount expended.
Most of the vendors are not recurrent, indeed only about 8% have frequent interactions with the university labs -more than 20 economic transactions during the full time considered. Nevertheless these vendors account for a high share of the total amount expended (almost 70%), and this is also the case for high-tech suppliers (albeit with a lower share, at 26%).
The street address associated to each domestic vendor allowed us to add latitude and longitude fields for distance calculations between vendors and the associated university.
12 At the aggregate level the geographic dimension of expenses reveals the presence of two big clusters of vendors around Madrid and Barcelona, and a similar conclusion holds looking at the disaggregated figures. However, the number of vendors located near by the associated university is definitely larger: about 70% of the firms are within 50 miles, and they account for about 60% of the total purchases. Moreover, a focus on high-tech vendors shows that more than 90% of the amount of purchases is within 50 miles.
